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1.  Background 

Part  of  the  responsibility  of  all  branches  of  the  military 
services  la  to  maintain  an  adequate  supply  of  usable  Materials  of 
all  types  so  that  In  any  emergency  a  sufficient  quantity  of  Materials 
will  be  on  hand  In  the  war  reserve  stocks  to  enable  the  Department 
of  Defense  to  meet  the  needs  of  a  Military  action  of  some  minimum 
length.  In  order  to  carry  cut  this  responsibility,  all  branches  of 
the  service  purchase  equipment,  repair  parts,  replace  parts  and 
supplies,  and  Maintain  them  In  etores  ready  Tor  Issue  at  any  time. 
These  supplies'can  be  classified  Ir.  Many  ways,  and  the  first  general 
classification  breaks  them  down  Into 

1.  Current  supplies  (supplies  that  are  constantly  being 

uaea  and  replaced  through  the  procurement  of  new  supplies.) 

?.  War  reserve  rtccks  (supplies  and  equipment  maintained  In 
etores  and  warehouses  against  the  needs  for  emergency 
Issue . } 

All  types  of  materials  and  equipment  deteriorate  to  some  extent 
In  storage;  some  materials  deteriorate  at  a  much  mo-e  rapid  rate  than 
others.  Some  materials  change  In  characteristics  a:  time  pae-.tc.!, 
regardless  of  the  environment  In  which  they  are  stored  and  the 
protection  afforded  them.  Certain  chemical  compound*  ( rubber  ,  for 
instance)  behave  In  thlr  fashion.  On  the  other  hand,  the  deterioration 
rate  of  most  supply  item  can  be  regulated  or  partially  controlled  by 
controlling  the  cnvlronr^nt  In  which  tne  ««t»Tlal  Is  stored.  The 
environment  Include.,  suen  fm-turr,  **  temper** ure ,  humidity,  direct. 


sunlight,  fuses  or  gases  thM  cause  corrosion,  and  physical  prot.cMen 
against  damage  (crushing  under  high  stacks,  blovs  frost  trucaa,  fire,** and 
theft).  It  Is  neeessury,  then,  for  the  military  to  recognise  the  difference 
In  behavior  of  the  Item*  under  different  environments  and  to  take  whatever 
precautions  are  necessary  to  aa In tain  the  Items  In  usable  condition.  In 
spite  of  all  attempts  to  maintain  the  items  In  usable  condition, 
deterioration  does  take  place  and  at  varying  rate*  which  cannot  be  totally 
accounted  for  by  relating  the  rates  to  environmental  conditions.  The 
surveillance  problem,  then,  la  that  of  determining  the  '“indltlon  of  the 
materials  in  storage  and  making  a  decision  as  to  what  disposition  shall 
be  made  of  it. 

A  number  of  objectives  can  be  set  forth  for  any  su.'velllance  program. 
The  foremost  objective  Is  to  determine  the  conditions  of  the  Items  in 
storage  In  order  that  the  proper  action  can  be  taken  to  Insure  aa  adequate 
supply  of  usable  items  according  to  the  estimated  military  needs.  The 
condition  of  the  materials  as  revealed  by  the  surveillance  Inspection 
vlll  dictate  the  proper  action: 

1.  Retain  aa  is 

2.  Inspect  1000,  repair  or  recondition  as  necessary 

3.  Represerve  and  repackige  after  cleaning  off  corrosion  or  rust 

k.  Scrap  and  replace  through  new  procurement. 

lues*  decisions  are  similar  f-o  those  that  must  be  made  by  acceptance 
procedures  regarding  newly  procured  Items  except  that  In  surveillance  the 
decision  to  accept  simply  means  taat  the  quality  of  material  In  storage 
la  good  enough  to  continue  In  storage  without  additional  Inspection  or 
repair.  Thus  the  surveillance  Inspection  la  a  special  ease  of  acceptance 
procedures  la  which  there  Is  no  producer-consumer  relations  except  as 
the  ouallty  affeete  the  relations  between  the  supply  organization  and 
the  using  organization. 

A  second  objective  la  to  obtain  sufficient  Information  about  the 
variation  In  deterioration  rates  under  different  conditions  so  that  an 
economical  surveillance  program  can  be  planned  that  will  ac.^mplleh  the 
first  objective.  If  Items  do  not  deteriorate  rapidly,  It  Is  usually  a 
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vaste  of  money  to  go  Into  '‘--•called  inspection*  at  frequent  Interval*. 

When  Item  deteriorate  rapidly  cr  nt  unknown  r*u s  it  ney  be  r.ecessary  to 
inspect  no re  frequently  or  to  base  the  frequency  of  Inspection  on  the 
deterioration  rate  ft#  observed.  Thus,  this  objective  It  to  determine 
rfhat  program  would  be  most  effective  and  to  foraulate  lrspeetlon  procedures 
and  sampling  plan#  that  vlll  e table  decision#  to  be  aade  currently  vbleL 
will  minimize  the  cost  of  mlntalning  the  deslrM  stock  of  usable  Items . 

A  third  objective  cf  the  surveillance  program  Is  to  secure  Information 
about,  stability  and  reliability  of  materials  and  designs  for  the  benefit 
of  military  designers  ar.a  specification  writer*.  This  information  will 
enable  these  people  to  altei  future  design*  and  specifications  so  *hat 
the  items  vlll  have  a  longer  shelf  life  and  In  turn  involve  lea*  surveillance. 
This  objective  might  be  stated  another  way:  to  provide  information  that 
vlll  reduce  or  eliminate  the  aurrelilar.ee  problem  in  the  future.  It,  of 
course,  depends  upon  adequate  communications  vith  procurement  divisions 
and  a  willingness  on  the  part  of  procurement  to  take  advantage  of  the 
accumulated  knowledge . 

It  Is  quite  obvious  that  the  fcmulatio:*  and  oecra-  lor  of  *  satisfactory 
surveillance  program  Is  primarily  a  management  and  organlzatl-:  i  prooleu. 

The  effectiveness  of  our  fighting  forces  Is  largely  dependent  upon  having 
an  efficient  and  effective  surveillance  program.  Each  branch  of  the  service 
has  literally  thousands  of  Items  to  be  stored  and  observed.  These  items 
fall  In  hundreds  of  classifications  and  present  many,  many  different  kinds 
of  problems.  Each  item  lo  Important  to  the  overall  aefense  program.  Lac’: 
of  an  Inexpensive  repair  part  can  render  a  military  ur.lt  Immobile  or 
Ineffectual  In  performing  Its  nlrslon.  Therefore  the  value  of  the  Item 
Is  not  a  criterion  for  a  '■•tt.l 5 factory  surveillance  program.  There  are  other 
more  Important  criteria  that  must  be  used  In  setting  up  such  a  program. 

The  magnitude  of  th«  problem  in  such  that  the  formulation  of  nr  efficient 
program  is  essential  and  offers  the  opportunity  to  save  large  amounts  of 
money  without  Impairing  the  effectiveness  of  the  defense  program. 
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A  n »  of  ♦  *•  <?»*♦*»<«*  for  »r>  aer^teVlr  •  rT’veill 

program  sight  b«  * Imply  that  it  vill  utm  the  services  an  Adequate 
number  of.  imMt  -1  rnrr  on  head  at  any  tiae  to  aoet  the  need*  for  military 
action  at  a  ■*»«■»■  coat  of  money,  manpower  aad  national  resources.  While 
such  a  statement  provide*  general  guidelines  for  planning,  it  gives 
little  direct  assistance  in  formulating  or  evaluating  a  proposed  program. 
Individual  factors  must  be  considered  more  fully. 

A  usable  item  must  be  defined  in  some  way.  For  procurement  purposes 
detailed  standards  aad  specifications  are  commonly  used  in  order  to 
assure  that  the  Item  supplied  by  a  vendor  is  what  the  military  agency 
wants  or  needs  and  that  it  will  fulfill  the  functional  requirements  with 
the  proper  life,  durability  and  accuracy.  It  should  be  quite  obvious  that 
the  specifications  and  standards  for  usability  of  an  item  that  is  already 
owned  by  a  military  service  vill  be  somewhat  different  from  those  used 
in  Initial  proenrmamt.  As  one  military  representative  put  it,  "Tou 
would  not  discard  or  scrap  a  truck  because  the  paint  is  faded  or  because 
it  had  dents  in  its  fenders,  yet  you  woe  . 1  not  b  y  a  new  truck  from  a 
;  supplier  If  It  were  in  the  same  condition. **  The  condition  slight  not 

even  be  oad  enough  to  Justify  a  new  paint  Job.  Furthermore,  even  if  the 
functional  operation  was  below  the  standard  for  new  trucks  it  is  more 
economical  to  repair  the  truck  than  tc  purchase  a  new  one.  in  many 
military  operations  it  is  bet'  sr  to  have  s  weapon  or  a  device  that  works 

!  at  some  Inferior  rate  than  to  have  none  at  all.  These  ideas  introduce 

» 

i  the  concept  that  "usable"  quality  needs  to  be  defined  In  reference  to  the 

items  under  ooosldsratloo  and  that  the  defii.lt Ion  may  chance  with  changes 
in  the  military  situation  relative  to  the  available  supply. 

Another  concept  that  must  be  considered  in  designing  a  surveillance 
program  is  that  of  the  risk  involved.  Most  stored  items  vill  have  some 
defectives  or  defectiveness  present.  and  on#  of  the  purposes  of  the 
i  surveillance  pro i«  lo  Icluraunu  defective  i  are*  Since 

sampling  will  usually  be  used  as  a  basis  for  Judging  the  defectiveness 
and  deciding  upon  the  disposition  of  stored  items  there  Ir  a  certain 


i 
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risa  that  tne  defectiveness  will  be  undereatimted  and  that  lota  of 
iteme  will  oa  retained  when  they  should  be  100 %  Inspected  and  defective* 
rsps ir*!  ui  icu<n.  The  probability  of  retaining  too  many  defectives 
in  stock  la  the  risk  Involved  in  sampling. 

At  the  ease  time,  the  Information  obtained  in  samp line  can  be  used 
to  estimate  the  rate  of  deterioration.  By  knowing  the  defectiveness  of 
the  lot  at  any  one  tlae  and.  the  rate  of  deterioration,  the  defectiveness 
at  any  future  time  can  be  estimated,  this  aspect  Is  important  to  the 
ailltary  because  It  permits  the  frequency  of  inspection  to  be  governed 
by  the  sensitivity  of  the  material. 

Another  aspect  of  risk  la  encountered  In  the  chance  that  a 
defective  Item  will  be  issued  to  a  using  unit.  'When  a  large  number  of 
similar  items  are  issued  to  oae  unit,  the  presence  of  a  small  percentage 
of  defective  or  unusable  Items  may  be  of  almost  no  consequence.  However, 
where  an  individual'  Item  Is  Issued  to  a  unit,  as  for  instance  a  machine 
gun  to  an  infantry  squad,  sod  where  the  unit's  effectiveness  depends  upon 
the  Item's  being  good,  we  would  not  be  willing  to  take  as  great  a  risk 
that  some  given  percentage  of  the  Items  were  defective.  Therefore ,  It 
Is  necessary  to  state  the  risk  in  any  surveillance  procedure  by  specifying 
the  quality  level,  an  AQL  (Acceptable  Quality  Level)  or  AOQL  (Average 
Outgoing  Quality  Limit),  that  It  will  provide.  The  AQL  or  AOQL  should 
be  specified  for  each  type  or  classification  of  item  so  that  the 
appropriate  surveillance  plan  can  be  used. 

The  selection  of  specifications  for  usanle  quality  and  the  AQL 
to  be  used  must  be  made  with  rer  ence  to  cost  and  probable  consequences 
Incurred.  The  coat  must  be  measured  in  terms  of  man-hours  of  labor 
that  ’.dill  be  involved  In  the  re Inspection  of  the  itesu.  This  is  a 
function  of  two  variables,  the  completeness  of  the  inspection  on  each 
lndlvtlual  item  and  the  number  of  Items  so  inspected  cut  of  a  given 
lot.  The  tighter  the  specifications  for  usable  quality  are,  the  more 
tlae  rust  be  devoted  to  the  Inspection  of  each  Item.  The  less  risk 
we  are  willing  to  take,  the  smaller  the  AQL  or  AOQL  must  be  and  the 
larger  the  sample  size  must  fee  for  a  given  lot  size.  Also,  more  ncc-p'nhle 
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lots  vill  be  rejected  by  tight  plana ,  aad  therefore  the  frequency 
vith  which  lets  must  be  100<  inspected  Increases.  Thlr  is  la  turn 
•ceeagMnled  by  sore  rrvmlr  and  rework  of  uef active  item .  There  le  no 
question  but  that  tight  specifications  and  low  risk  plans  result  in  a 
higher  percentage  of  the.  item  being  in  a  usable  condition,  but  it  has 
been  aceonpllshed  at  a  eoet  of  increased  wen-boars  and  use  of  facilities. 

7h*  cost  or  increased  protection,  as  described  la  the  previous 
paragraph,  should  be  considered  la  eesscetioa  vith  the  initial  coat  of 
the  item  and  the  tine  required  for  proc  unamt  of  replBce—nt  item. 
Certain  branehee  of  the  adlltnry  serrlee  have  set  up  arbitrary  Units 
on  the  amount  of  money  that  nay  be  spent  on  rework  or  ovarkasl  of 
reparable  ltsms.  One  branch,  for  example,  has  specified  that  If  the 
estimated  coat  of  repair  exceeds  *00  of  the  «oet  the  item  vill 

be  renewed  by  a  epeclal  board  that  trill  sake  the  decision  aa  to 
whether  the  ltaa  should  be  Repaired  or  scrapped.  Bone  military 
representatives  bare  expressed  the  opinion  that  surveillance  costs 
exceed  the  cost  of  new  itens  (la  certain  classifications )  and  that 
periodically  new  item  should  be  purchased  and  the  old  item  scrapped 
without  Interin  inspection.  The  Objective  should  be  to  select  the 
largest  AQL  that  the  military  can  afford  to  accept  for  each  classifies* 
tion  of  material  and  then  to  determine  the  surveillance  procedure  that 
will  provide  that  amount  of  protection  at  the  lowest  total  cost.  This 
total  cost  should  Include  the  purchase  price,  the  cost  of  special 
handling  for  surveillance  purposes ,  the  cost  of  the  sampling  inspection 
and  final  action.  Zf  the  sub  of  the  special  handling  costs,  the 
inspection  costs  and  the  costs  of  the  final  action  equal  the  cost  of 
replacement  (the  purchase  price),  then  surveillance  should  be  abandoned 
and  the  itens  scrapped  periodically. 

This  paper  does  not  attest  to  introduce  or  solve  the  so*called 
Inventory  problem  of  how  much  to  order  and  the  procurement  problem.  It 
la  limited  to  the  surveillance  problems  of  item  already  on  hand  at  any 
time.  The  surveillance  problem  and  the  inventory  problem  are  by  necessity 
interrelated,  but  the  inventory  problem  is  subject  to  straightforward 


solution  provide*  the  surveillance  program  has  supplied  the  Information 
on  shelf  life  and  deterioration  so  that  the  prospective  usaale  quantity 
can  be  predieted. 

3  Who  Should  Set  Standards  for  Surveillance 

The  problem  of  setting  standards  and  specifications  against  wfcieh 
stored  items  vill  be  compared  suit  fall  on  the  military.  Representatives 
of  the  fighting  forces  must  decide  how  bad  tin  item  may  be  before 
it  becomes  unusable.  Only  the  using  organizations  are  in  a  position  to 
evaluate  the  effects  of  defective  items  upon  the  accomplishment  of  the 
assigned  missions.  The  decision  must  be  made  for  all  the  kinds  of  items. 

For  example,  powder  and  propellants  change  somewhat  in  burning  rate  and 
explosive  power  with  age.  Row  much  change  can  he  tolerated  before  the 
propellants  constitute  a  hazard  rather  than  a  weapon?  There  la  some 
point  at  which  the  firing  tables  used  by  artillery  mem  would  becosw 
totally  un-leas,  and,  in  time  of  war,  there  night  not  be  time  to  compute 
r-w  V'blv.  based  upon  the  new  characteristics  of  the  propellants.  In 
this  cas*;  -ome  change  could  be  tolerated.  However,  in  the  ease  of  an 
electronic  guidance  system  for  a  missile,  very  little  change  In  the 
electronic  characteristics  probably  would  render  the  system  completely 
useless. 

for  most  military  supplies  and  equipment  a  classification  of  defect- 
has  been  established  for  procurement  purposes.  This  classification  of 
defects  becomes  a  basic  coos Ids ration  In  surveillance  programs.  Rvspcrsible 
personnel  should  review  the  classification  in  order  to  determine  which 
defects  should  be  Inspected  la  the  surveillance  operation  and  whether  or 
not  the  classification  ean  be  down-graded.  Son e  defects  that  were  "crttlcel" 
for  procurement  purposes  may  be  considered  as  “majors",  and  some  that  were 
majors  may  be  only  "editors"  in  surveillance  work.  As  in  procurement,  an 
AQL  can  be  assigned  by  classifications  for  surveillarce  purposes.  If 
a  reclassification  of  defects  is  uat  feasible,  then  new  and  troader 
tolerances  may  be  specified  for  the  different  characteristics  that  may 
be  subject  to  deterioration.  A  combination  of  these  two  methods  may  be 


employed  la  order  to  establish  definite  standards  for  the  guidance  of 
surreillaaea  personnel. 

To  susariie,  as  long  as  item?  that  vlll  not  pus  use  specifications 
for  nev  iteaa  are  considered  tushie  (without  repair  or  rework),  it  is 
necessary  to  haws  two  sets  of  specifications  and  standards.  One  set 
■ust  be  n?7  eaqdets  sad  suitable  in  every  respect  for  procurement 
purposes.  This  set  will  normally  require  higher  quality  standards 
than  art  necessary  for  usability  because  allowance  aunt  be  aade  for 
deterioration  in  storage.  The  other  set  stust  deal  with  all  those  character* 
lstles  that  are  subject  to  deterioration,  and  stust  set  the  lower  Units 
for  usability.  Without  definite  standards  the  sums  ill  since  program 
cannot  be  expected  to  function  effectively  nor  to  assure  that  ltess  in 
storage  are  usable. 

b.  What  Items  8hould  B*  Included  in  the  Surveillance  Program? 

It  haa  been  stated  previously  that  all  itens  of  military  sucres 
play  saw  part  la  the  whole  defense  scheme ,  but  it  Is  obvious  that,  with 
the  mill  tana  of  itens  in  storage,  all  itew  cannot  ~nd  need  not  receive 
the  sane  consideration  in  the  srrvelllaaee  pragma.  Xt  becomes  necessary 
to  expend  the  available  money  and  resources  on  those  things  that  are  the 
aost  important  to  the  defense  program  and  which  are  also  subject  to 
deterioration  at  a  rapid  or  an  unknown  rate.  This  has  already  been 
accounted  for  in  nany  of  the  surveillance  prograss  In  that  shelf  life 
haa  been  established  sad  onec  the  shelf  life  has  been  exceeded  ♦_*  c  item 
oust  either  be  inspected  end  up-dated  ir  ttlll  la  a  satisfactory  condition 
or  be  scrapped. 

Practically  all  of  the  nanufaeturers  of  military  supplies  sod 
equipment  are  aware  of  the  characteristics  cf  their  products  and  are 
able  to  provide  sew  guidance  to  the  military  regarding  the  probable 
shelf  life.  Manufacturers  of  preservatives  and  packaging  materials  know 
a  great  deal  about  bow  their  produets  retard  tbs  deterioration  of  various 
kinds  of  materials.  Furthermore,  the  military  nas  a  great  deal  of 
information  from  past  experience  with  all  kinds  of  natsrials  stored 
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under  widely  varying  conditions.  Proa  all  of  this  information  the  military 
should  be  able  to  determine  with  a  great  deal  of  certainty  which  1 terns 
would  be  met  subject  to  deterioration  when  afforded  various  kinds  of 
protection  and  preservation.  Obviously,  those  Items  that  have  a  long 
shelf  life  or  which  are  not  subject  to  deterioration  when  properly 
stored  should  be  excluded  from  the  r urve lllance  program.  The  available 
money  and  facilities  should  be  devoted  to  those  It'  ms  that  either 
deteriorate  rapidly  or  deteriorate  at  sun  unknown  n  te.  Records  should 
te  kept  to  accumulate  Information  on  the  latter  group  so  that  unnecessary 
surveillance  can  be  “•olded  In  the  future. 

Another  factor  In  determining  the  Items  to  be  Included  Is  the  time 
for  replacement  or  repair  of  defective  Items.  This  factor  also  affects 
the  risk  that  one  la  willing  to  take  on  an  item  being  defective. 

The  replacement  time  should  be  considered  in  reference  to  the  sire  of 
the  war  reserve  stock  pile.  The  stock  pile  of  usable  item  should  be 
large  enough  at  any  time  to  conduct  a  military  action  of  sos»  specified 
duration.  The  duration  should  be  long  enough  to  permit  the  rejoicement 
of  the  items  as  they  are  used  so  that  the  military  action  can  be 
xontlnuei  without  interruption.  Consequently,  there  will  be  wide 
variations  in  the  relative  size  of  the  war  reserve  stocks.  Items  common 
to  both  civilian  and  military  activities  need  not  be  held  in  such  large 
quantities  as  the  items  that  are  of  purely  military  nature  because  they 
can  be  replaced  more  quickly.  The  reyilred  >  took  pile  m*iy  be  established 
In  most  Instances  relative  to  the  estimate  of  the  military  situation. 

In  other  words.  In  times  when  war  seems  more  Imminent  stock  piles  have 
been  Increased  and  as  the  danger  of  war  decreases  the  stock  plica  have 
been  allowed  to  dwindle.  Furthermore,  obsolescence  tends  to  affect  the 
amount  of  material  that  should  be  retained  in  stock.  For  example,  when 
«  new  aircraft  Is  procured  in  quantity  and  added  to  the  fleet,  the  spare 
parts,  wings,  tanks,  engines,  lending  gears,  and  other  components  are 
procured  for  replacement  during  the  estimated  life  of  the  plane.  As 
this  plane  la  phased  out  (or  a*  plane*  are  lost  due  to  accidents  or 
military  action)  and  replaced  by  newer  types,  the  quantity  of  spare 
parts  In  stores  is  reduced  accordingly. 


-10- 


5*  Inspection  Plans  that  Meet  the  Peqolrements  and  the  Objectives 

of  the  Burrelllaace  Program 

The  primary  purpose  of  this  paper  is  to  analyze  the  surveillance 
problems  so  that  appropriate  Inspection  plans  can  be  selected.  It  Is 
necessary  to  establish  the  criteria  for  such  Inspection  plane  to  that 
they  can  be  adapted  to  the  varying  conditions  and  rcqalr.uente  of  the 
several  branches  of  the  military  service.  It  been  assumed  that  a 
surveillance  program  calls  for  saapllng  inspection  plana.  Tt  is  not 
likely  that  a  tingle  plan  will  satisfy  all  of  the  needs.  Therefore, 
this  paper  proposes  that  certain  characteristics  of  saapllng  plans  be 
considered  In  reference  to  the  individual  problcsa  that  are  encountered 
and  that  certain  recnsssainlatlons  be  aade  regarding  the  nature  and  use 
of  the  plans. 

There  are  tvobroad  classifications  for  acceptance  saapllng  plans 
which  nay  be  considered  for  the  surveillance  problea.  One  type  la  the 
lot-by-lot  type  and  the  other  Is  the  continuous  saapllng  type.  The 
rllltary  baa  a  large  numfccr  of  saapllng  acceptance  plans  of  both  these 
types.  Since  the  problea  of  surveillance  is  concerned  only  with 
material  already  on  hand  (and  not  with  product  being  submitted  item-by- 
item  as  produced),  the  continuous  plans  appear  not  to  be  applicable, 

^ut  later  in  this  paper  a  three  decision  continuous  plan  Is  presented 
that  appears  to  have  soaat  merit  in  the  surveillance  program. 

Lot-by-.’  it  acceptance  plana  take  aany  forms.  Attribute  plans, 
typified  by  MIL  STD  103A,  are  best  known  to  1ns, ■sectors  and  quality 
control  personnel.  I/*'-by-lot  plans  based  on  variables  ( standard 
deviation  or  range)  are  coming  Into  more  wide-spread  use.  The  government 
is  issuing  a  variable*  standard,  MIL  STD  klk,  similar  to  KIL  STD  10}A 
for  use  In  procurement.  A  third  type  of  acceptance  plan  based  upon 
lot-by»lot  considerations,  Is  the  mul tipis  or  sequential  type  of  plan. 
There  are  numerous  Individual  sets  of  multiple  plans  in  MIL  STD  10^A. 

As  has  been  stated  earlier  lr>  this  paper.  It  Is  necessary  to 
c»twlleh  the  level  of  protection  desired  from  any  sampling  plan.  The 


operating  characteristic  curve*  of  existing  lot-by-lot  plan/-  ha*c  been 
established  for  use  in  procurement  Inspection.  As  in  procurement 
Inspection,  the  lO'  are  identified  and  are  made  up  of  product  that  was 
produced  under  essentially  the  same  conditions  and  can  be  assumed  to 
represent  a  homogeneous  collection  of  items.  If  the  same  plans  are  to 
be  used  for  surveillance  programs,  it  must  be  reasonably  possible  to  make 
the  same  assumptions  about  the  items  to  .»  Inspected.  This,  of  course, 
immediately  poses  a  major  problem  in  many  stored  items,  in  that  the 
identity  of  the  lots  is  not  necessarily  retained  after  the  item  has 
been  received  and  put  into  stores.  In  many  eases  it  is  still  true 
that  the  lots  are  retained  separately  from  other  lots,  so  that  the 
manufacturer,  date  of  production  and  other  lnfsraatlon  1b  available  for 
use.  On  the  other  hand,  many  times  the  items  have  been  moved  from  one 
warehouse  to  another  or  have  been  Issued  to  using  commands  and  returned, 
either  used  or  unused.  Ihraetical  problems  of  materials  handling  in  the 
warehouses  or  depots  preclude  the  possibility  of  reestablishing  the 
original  lota,  and  even  if  the  lots  were  reassembled,  the  differences 
in  the  environments  to  which  the  several  sublote  have  been  exposed 
would  mean  that  the  whole  lot  could  not  be  ass  Cased  to  be  homogeneous. 

Thin  wears  that  the  warehouses  and  depots  throughout  the  world  hare 
collections  of  items  of  similar  nature,  model,  stock  number,  etc.,  yet 
produced  by  different  manufacturers  at  different  times  and  under 
different  conditions,  and  are  not  hoangeneous .  The  question  then  arises 
at  to  whether  or  not  sampling  plans  based  upon  the  assumption  of 
homogeneous  lots  can  be  relied  upon  to  give  tr.e  desired  protection  when 
the  question  is  "la  a  sufficiently  large  percentage  of  these  items  usable 
to  warrant  their  retention  without  further  inspection  and  overhaul!" 

It  Is  safe  to  say  that  if  all  of  the  items  in  the  collection,  even 
though  from  different  manufactures,  were  made  to  the  same  original 
r-peci flcations  with  the  same  kind  of  materials  and  received  essentially 
the  -ear  treatment,  the  errors  resulting  from  the  application  of  lot-by- 
lot  acceptance  plans  would  not  necessarily  preclude  the  use  of  such 
plans  for  surveillance  purposes.  If,  however,  there  are  substantial 


difference*  In  the  design  or  Material*  It  may  be  necessary  to  subdivide 
the  groups  according  to  some  Model  number  or  serial  mmfcer  In  order  to 
apply  the  * sapling  plans  with  confidence.  This  can  be  somewhat  verified 
by  considering  the  Mixing  of  two  or  More  chip  distributions.  If  the 
different  distributions  have  approximately  the  same  Mean  and  only  slightly 
different  standard  deviations,  sampl «»  drawn  fruo  the  thoroughly  Mixed 
chips  will  still  tend  to  Indicate  the  same  average  and  a  dispersion 
slightly  larger  than  that  of  any  one  or  the  attributions.  Thu* ,  if  a 
collection  of  itens  is  Made  up  of  IteMB  that  were  originally  very  similar, 
and  if  they  have  had  about  the  same  treatment ,  a  sample  drawn  from  this 
collection  should  still  Indicate  the  average  condition  with  some 
indication  of  the  variation  In  quality  that  night  be  expected.  Of  course, 
under  such  conditions.  It  Is  very  important  to  actually  randomize  the  sample, 
and  not  to  succumb  to  the  temptation  to  take  the  items  that  are  on  top, 
or  are  convenient,  as  a  e«^:le.  If  some  items  have  been  eubjeet  to 
different  environmental  conditions.  It  would  be  desirable  to  make  sublots 
from  the  large  collection,  basing  the  subiota  upon  the  treatment  received 
and  not  upon  original  manufacturer. 

After  an  AQL  baa  been  selected  for  any  Item,  it  Is  necessary  to 
consider  the  steepness  of  the  operating  characteristic  curve  in 
selecting  the  sampling  plan  tu  be  used.  The  O.J.  curves  of  many 
different  sampling  plans  provide  the  same  AQL,  but,  according  to  the 
steepness  of  the  eurves,  provide  more  or  less  protection  against  accepting 
the  lot  at  quality  worse  than  desired.  In  surveillance  work,  this  means 
that  the  steepness  of  the  curve  vili  determine  the  probability  that  an 
error  would  be  made  in  deciding  that  the  lot  of  material  is  usable  when 
actually  It  1*  worse  than  the  desired  protection  level.  It  If  advls&ble, 
therefore,  tc  choose  two  points  through  which  the  O.C.  curve  must  go,  one 
representing  the  AQL  and  the  other  the  quality  (p1)  which  you  are  willing 
to  accept  only  with  a  very  small  probability,  say  10*.  This  second  point 
corresponds  roughly  with  the  Lot  Tolerance  Percent  Effective  (LTPD) 
concept,  of  the  Dodge-Pomlg  acceptance  plans.  These  two  points  will 
essentially  determine  the  steepness  of  the  O.C.  curve  and  enable  one  to 


pick  a  satisfactory  plan. 

Consideration  of  the  fraction  defectives  that  will  be  accepted  at 
the  AQL  and  the  LTFD  laocdiately  points  out  the  problem  of  cost.  As 
either  or  both  the  AQL  and  LT TD  arc  reduced  the  sample  site  must  Increase, 
and  the  Inspection  cost  must  go  up.  The  benefits  that  aay  be  derived 
or  the  penalties  that  aay  be  Incurred  at  different  AQL's  rust  be 
weighed  against  the  costs  Involved. 

Where  the  Important  characteristics  of  the  material  under  surveillance 
are  measurable,  It  Is  probable  that  acceptance  plans  based  upon 
variables  will  provide  the  desired  amount  of  jirnrert.lna  vl ♦  h  le«« 
Inspection.  The  variables  plans  require  a  smaller  sample  site  for  a 
given  AQL  than  do  the  attribute  plain.,  but  the  cost  of  each  Inspection 
Is  usually  greater.  In  many  cases  the  characteristics  under  observation 
must  be  mdasuredi  anyway,  and  It  is  foolish  to  throw  away  the  extra 
Information  In  order  to  use  attribute  plans.  Such  tests  aa  functional 
tet,U  T**a  and  air  compressors,  fuel  consumption,  hardness,  tensile 

strength,  rate  of  climb,  recovery  rates,  etc.,  represent  the  best 
oppor  unities  for  use  of  variables  plans . 

Th»  sequential  type  campling  plans  appear  to  offer  special  advantages 
for  surveillance  purposes.  Sequential  type  sampling  plans  may  be  either 
ltem>by»ltem  or  multiple  sequential.  That  Is,  the  decisions  may  be  n"<** 
after  each  Item  Is  inspected  or  after  each  group  of  n  Items  Is  Inspected. 
The  decision  must  be  one  of  three;  aceept,  continue  Inspection,  or 
reject.  If  lota  are  either  very  good  or  very  bad  the  decision  to  accept 
or  to  reject  can  usually  be  node  with  a  small  amount  of  inspection.  It 
la  only  when  the  actual  quality  Is  borderline  that  the  sequential  plan: 
require  a  large  amount  of  Inspection .  Tor  these  reasons  It  appears 
that  sequential  plans  are  particularly  advantngeou*  in  surveillance 
work  where  the  main  problem  1:  to  guard  against  retaining  lots  of 
material  as  urable  when  the  d* fectlveness  Is  greater  than  some  given 
pr  rcentage . 

MIL  STD  10^A  provides  a  set  of  multiple  sequential  sampling  plans 
•  1  tli  eight  possible  nteps  in  The  sample  siren  are  rufcrtant  ially 


saallcr  than  the  single  settle  sizes  for  corresponding  protection.  These 
plans  are  well  knovn  and  »r»  swat  valuable  •-•here  the  lot  size  Is  relatively 
large.  Thus,  in  surveillance  work,  these  plans  vould  be  aost  useful  for 
cheeking  the  quality  of  component  parts  that  are  stored  in  fairly  large 
quantities.  In  addition,  if  the  lteas  vere  all  good  at  one  tljae  (when 
purchased)  and  if  they  deteriorate  at  about  the  ease  rate,  a  saall  sasqple 
can  usually  tell  whether  or  not  the  fraction  defective  ia  greater  than 
soar  arbitrary  aaount. 

In  those  cases  where  the  total  quantity  in  storage  is  saall  or  vnere 
the  individual  lots  are  saall,  a  Modified  1 tea-hy-lte*  sequential  acceptance 
plan  will  usually  be  aore  economic  1.  This  is  particularly  applicable  where 
the  lteas  are  lmrge,  ecsplex  units  and  where  the  cost  of  an  individual 
inspection  is  large.  The  disadvantage  of  the  lte*-by-1  plan  lies  in 
the  necessity  to  compute  a  probability  ratio  after  each  ltea  is  Inspected, 
_or  else  to  have  previously  j repared  tables  or  eharts  for  the  particular 
protection  desired  from  the  plan.  Ir  iten-by-ltea  sequential  plans,  one 
it««  la  Inspected  and  a  decision  is  aade  to  accept  or  reject  the  lot  or 
to  Inspect  another  ltea.  It  aay,  depending  upon  the  protection  desired, 
be  necessary  to  exaaine  several  lteas  before  it  is  possible  to  either 
accept  or  reject  the  lot.  (In  other  words,  sosie  ainlaua  nuaber  Bust 
be  Inspected  in  aost  cases  before  a  decision  can  be  aade  to  ceeept  or  to 
reject.)  The  total  nusfeer  of  lteas  to  be  Inspected  before  a  final 
decision  to  aeeept  or  to  reject  depends  upon  the  quality  of  the  lot  and 
the  chance  variations'  of  saapling.  In  practice  these  plans  are  usually 
Modified  to  the  extent  that  the  procedure  Is  truncated  after  a  finite  n 
lteas  have  been  inspected. 

I.  Richard  Savage,  in  his  reports  Cycling  and  A  Three  Decision 
Continuous  8*sq>llng  Plan  For  Attributes  has  proposed  two  iBdels  that 
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appear  to  have  same  applications  in  Jurveillanee  vork.  Hia  three  decision 
model  Is  designed  for  acceptance  inspection  of  product  from  a  continuous 
process,  but  vith  a  little  Urination  it  is  easy  to  visuallre  its  applica¬ 
tion  to  a  inCof  product  that  has  teen  assembled  from,  previous  product l-.«n. 
Tlie  procedure  of  the  plan  quoted  directly  fro*  Technical  Heport  ho.  2'j  is 
ao  follows i 

"The  proposed  procedure  depends  on  four  positive  parameters ,  ,  h^» 

o,  and  K  in  the  following  Banner. 

"A:  When  the  production  procesi  begins,  start  with  100  per  cent 

inspection  and  let  dQ  be  tie  mrcncr  >f  defective*  out  of  the  rirat  n 
Items  produced.  As  lone  ** 

-h  e  an  <  d  <  h„  ♦  sn  (0  <  s  <  1) 

1  n  2 

continue  100  per  cent  inspectlor . 

"B:  ir  dn  <  -1^  ♦  sn  before  dB  >  h2  +  90  *  9t®P  100  P*r  cent 

Inspection  and  accept  a  lot  of  site  K  (the  next  K  item*  produced). 

"B*.  If  d  >  h„  <  m  berore  d  <  -h,  ♦  *n  ,  stop  the  production 

n  —  2  n  —  i 

*M  attempt  to  improve  the  level  of  production. 

"C:  Eventually  either  B  or  B'  will  occur.  When  the 

appropriate  action  hao  been  taken,  start  the  inspection  procedure  over 

aqain  by  going  back  to  A  as  if  the  production  process  had  Just  begun." 

On*  unusual  assumption  is  made:  the  defective  items  found  while 

inspecting  at  10Oi  will  not  be  replaced  by  good  items,  but  will  be  **t 

aside  and  kept  separate  fro*  the  items  passed.  Otherwise,  this  plan 

is  a  rather  special  case  of  sequential  acceptance  procedures,  wi*l  a 

specific  limit,  X  ,  on  the  r.tmd^r  or  items  to  b*  -ce-pted.  2'ivng* 

worked  out  an  example  In  the  peport  using  hj  •  h?  •  2,  s  •  .1  , 

K  •  !»0,73  and  provided  graphs  to  show  the  operation  or  the  plan. 

If  a  lot  under  surveillance  is  known  to  have  been  produced  under  a 
Mate  of  control  and  the  lot  has  been  subject  to  the  easy*  treatment  so 
that  It.  ^nould  still  be  homogeneous,  this  plan  could  be  veed  with  reasonable 
Since  t.Ue  lot  has  probably  been  well  nixed  during  the  proeesr 


confluence. 
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of  shipping  and  storing,  the  1004  Inspection  could  be  started  at  any 
convenient  point  In  the  warehouse  and  adjacent  lteas  Inspected  until  the 
decision  has  been  reached.  If  condition  B  la  reached  first,  1004 
Inspection  would  be  stopped  sad  the  next  K  items  of  the  lot  accepted 
as  being  usafcle.  Then  1004  Inspection  Is  Instituted  again  until 
condition  B  or  B*  Is  reached,  if  condition  B'  is  reached  first, 
the  lot  Is  assumed  to  have  more  than  some  fraction  of  unusable  items  and 
should  he  submitted  to  1004  Inspection  and  repair  as  necessary. 

On  page  21  of  Report  Ro.  27,  Cycling,  Savage  presents  "A  Preparedness 
Problem*  that  results  in  an  economic  model  for  the  determination  of  the 
frequency  of  inspection  and  repair  of  reserve  equipment.  He  admits 
that  the  greatest  difficulty  may  be  the  determination  of  the  coat  and 
loss  information  necessary  for  the  solution,  however,  such  a  model  should 
be  helpful  in  determining  policy  on  frequency  of  inspection  and  repair 
■•Jor  equipment.  The  following  la  a  direct  quote  from  the  Report. 

"A  certain  piece  of  equipment  la  kept  In  storage  to  be  used  only 
In  the  ease  of  ev-^enclea.  While  In  storage  It  eosts  A  units  of 
■o®*/  to  Inspect  the  equipment  and  F(x)  units  of  money  to  repair  , 
(like  new)  the  equlpam&t  if  It  has  been  x  units  of  tUw»  since  the  last 
Inspection  and  repair.  The  costs  A  and  F(x)  apply  only  If  the 
Inspection  la  made  on  a  routine  basis  and  not  under  emergency  conditions. 
Under  emergency  conditions  the  corresponding  costs  will  be  denoted  B  and 
G(x).  We  will  assume  that  A  and  B  are  positive  constants  and  that 
F(x)  and  G(x)  are  continuous,  non -decreasing  and  non-negative.  Alac 
F(0)  ■  G(0)  a  0  ,  It  Is  also  reasonable  to  assume  that  G(x)  >  F(x) 
and  in  many  applications  G(x)  will  be  cons ldevably  larger  than  F(x) 
particularly^ for  large  x  .  Finally  the  model  is  completely  specified 
by  saying  that  the  probability  that  an  emergency  occurs  In  the  next  T 

•AT 

units  of  time  Is  1  -  e  ,  where  A  >  U  and  Is  known.  A  program  now 
consists  of  a  sequence  of  numbers  la  'x^,  x^,...).  Routine  Inspections 


are  made  at  the  times 


*1*  *1 


where  the  -aergency  occurs 


n  n+1 

between  tlKs  ^  x.  and  )  x.  md  emergency  inspection  la  made  at 
1  1 

time  T,  the  time  of  the  emergency. 

The  total  costa  of  inspection  and  repair*  from  the  beginning  of  the 
program  until  the  emergency  Is  art  Is 

n 

27  (A  ♦  F^)  )  ♦  B  ♦  G( x* ) , 

1«*. 

where  x*  •  T  -  x  .  This  1*  a  randcs  variable  since  T  Is  a  random 
n 

variable  (which  also  forces  n  to  be  a  random  variable)." 

Ravage  proceeds  to  show  solutions  under  various  assumptions  and 
indicate*  that  certain  of  the  equations  can  be  solved  for  minimum 
expected  costs  by  numerical  methods. 

It  Is  believed  that  In  surveillance  work,  the  cost  of  routine 
Inspection  and  repair  can  be  approximated  rather  closely  and  that 
some  probability  of  an  "emergency",  as  used  by  Savage,  can  be  set. 

The  cost  G( x)  Is  ennentially  the  cost  of  the  f ir.nl  Inspection  and 
repair  of  an  item  before  Issuing  It  to  a  using  unit.  For  laige,  complex 
equlpaent  (aircraft  in  "mothballs",  tanks,  trucks,  etc.)  there  is  sow* 
prior  knowledge  of  "demothballing"  conts.  Slow  if  these  coats  can  be 
related  to  time  by  some  reasonable  equation  it  should  be  possible  to 
establish  an  optimum  program  of  inspection  and  repair. 

There  are  other  factors  Involved  In  the  select  lor.  of  a  sampling 
plan  for  surveillance  purposes  besides  the  cost  factors.  There  is 
always  the  necessity  to  accomplish  the  military  mission.  No  plan, 
regardless  of  how  economical  It  may  be  of  manpower  and  money,  can  bo 
tolerated  unless  It  will  asrure  that  the  critical  Items  will  he  in 
serviceable  condition  whenever  needed.  Thur ,  tr.e  o^ig^nal  objective 
stated  at  the  beginning  of  this  paper  is  the  crucial  test  of  imy  proposed 
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6.  Disposition 

Throughout  this  paper  It  has  been  assumed  that  after  the  Inspection 
of  stored  Iteaa  has  been  accomplished  a  decision  will  be  aade  regarding 
the  disposition  of  the  Items.  The  decisions,  as  enumerated  previously, 

■ay  be  to: 

1.  Retain  the  Item  in  stores  without  further  rework  or  repair. 
lOOi  Inspect  the  items  and  repair  those  below  acceptable 
quality  standards. 

3-  Dlsasseable  and  repair  or  rework  all  the  ltesui. 

V.  Declare  the  Item  unusable  and  non reparable  and  submit 

them  to  the  disposal  officer  for  salvage,  sale,  or  scrap. 

It  should  be  realized  that  the  decisions,  other  than  the  first 
to  retain  the  Items  In  stores  without  rework,  may  not  automatically  provide 
for  the  1 mediate  Inspection  and  reprir  of  reparable  Items  or  the  disposal 
of  item  beyond  repair.  There  are  many  rules  and  regulations  in  all  of 
the  service  branches  that  must  bocnrplled  with  and  procedures  that  must 
be  followed  in  order  to  accomplish  the  rework  or  disposal.  Usually  t 
separate  agency,  other  than  the  warehousing  agency,  will  be  responsible 
for  repair  and  overhaul.  These  agencies  have  their  own  budget 
limitations  and  priority  lists  of  work  to  be  accomplished  which  they  must 
follow  In  attempting  to  maintain  the  fighting  strength  at  the  desired 
level.  Thus ,  the  relative  q\iantity  of  usable  Item  on  hand  compared 
to  the  prospective  needs  my  determine  the  aetlon  to  be  taken.  If  the 
Item  Is  in  short  supply  and  the  stock  has  been  declared  unusable  but 
reparable  ,  the  priority  classification  say  enable  the  aai nt esaner 
activity  to  put  this  item  Into  repair  shops  ls»edlat»iy,  On  the  other 
hand,  If  the  supply  of  usable  items  available  exceeds  cue  war  r-^erve 
minimum  stock  level,  the  declaration  of  some  quantity  unusable  but 
reparable  may  not  result  In  any  aalntenanee  work  on  those  items.  The 
reparabla— Item  bay  remain  In  the  same  condition  for  periods  of  s  few 
aontha  to  several  years  before  the  uas 'le  stock  tecoaes  saall  enough  to 
warrant  repair  of  unusable  Items.  Reparable  item  may  be  removed  rroa 
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the  surveillance  program.  and  as  a  result  deteriorate  at  a  sore  rapid  rate 
so  that  repair  at  a  later  date  mr  be  wore  expenniTe  than  If  It  had  beer, 
done  earlie-,  but  It  may  never  have  to  be  done  at  all.  The  availability 
of  funds,  mmpower,  and  physical  facilities  are  limitations  within  which 
repair  and  maintenance  work  must  be  carried  out.  Work  schedules  Bust 
be  established  months  In  advar.ee  and  outside  contractors  aar  not  be 
available. 

These  difficulties  are  part  of  the  management  problems  that  must  be 
considered  in  the  overall  surveillance  program.  Each  service  should 
examine  ltc  practices  and  procedures  very  carefully  to  determine  how  its 
rules  and  procedures  are  contributing  to  the  inefficiencies  of  the  system. 
Some  of  the  nit*I“afe  necessary  as  safeguards  against  several  types  of 
errors  that  might  be  made  by  people  at  lower  echelons  and  must  be 
retained.  Some  of  the  difficulties  arise  from  the  frequent  changes  in 
weapons,  equipment,  and  items  of  supply  and  from  the  rapidly  changing 
military  situations  which  regulate  the  needs  for  reserve  stock.  Tor 
example,  a  given  model  of  airplane  nay  be  phased  out  over  a  period  of 
years  and  for  various  reasons  not  use  all  of  the  spare  parts  that 
were  originally  purchased  for  that  model.  Care  must  be  exerted  to  keep 
from  expending  money  unnecessarily  on  the  surveillance  of  spare  parts 
that  will  not  be  needed  for  the  few  remaining  planes  of  that  type. 


7 .  Classification  of  Material 

A  single  survclll&ree  plan  probably  cannot  be  designed  that  will 
oeet  the  requirements  of  all  the  different  situation*  that  will  he 

r»nf*nirn*****f*rt  .  •  n i »•»►>* *•  a f  ntse*  .ri  »v  4 1  -ke..i  1 
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be  available,  but  there  should  also  be  available  some  sort  of  guide 
lines  hy  which  the  best  surveillance  plan  for  any  given  situation  can 
be  selected.  *H»e  selection  nust  fee  based  upon  a  number  of  factors. 

It  Is  recosmended  then  that  a  number  of  classifications  of  material 
based  0.1  these  factors  be  worked  out  so  that  appropriate  inspection 
plans  can  be  chosen  for  each  eategejy  as  a  matter  of  policy. 

One  classification  should  deal  with  the  sensitivity  of  the  item 


to  age.  Tills  elasslf lcat Ion  neH  only  contain  a  snail  number  or  levels 
of  sensitivity  to  indicate  the  relative  frequency  of  Inspection.  Abcut 
four  levels  should  provide  sufficient  distinction: 

Highly  sensitive 

Sensitive 

Relatively  Inert 

Inert 

A  shelf  life  could  be  associated  vlth  eaeh  level  of  sensitivity  to 
give  a  better  Means  of  classifying  the  Materials.  The  shelf  life  should 
he  baaed  on  some  standard  condition,  as  for  Instance  a  covered  warehouse 
without  hunldlty  control  or  special  preservation.  Then  vlth  special 
preservation  or  environmental  control  the  lten  could  be  downgraded  on  the 
scale  accordingly,  for  example,  the  highly  sensitive  level  Might  be 
assigned  a  shelf  life  of  3  to  9  aonths,  but  an  item  so  classified  Might 
have  a  shelf  life  of  two  or  three  times  that  length  of  time  If  It  were 
afforded  soa»  special  preservation.  Then  the  properly  preserved  lten 
slight  b*  classed  as  a  sensitive  it**,  wins  a  shelf  life  of  10  to  30 
Months. 

The  item  should  also  be  classified  according  to  how  critical  it 
Is  in  the  hands  of  the  using  organisation  and  how  aany  are  issued  to  a 
unit.  The  following  classification  illustrate*  the  concept: 

Critical:  every  unit  Must  be  In  good  working  condition  at  time  of 
Issue.  Ho  chance  for  using-unit  to  repair  or  replace  the  Item. 
Military  miss ion  depends  vpon  that  Item  being  serviceable. 

On*  Issued  at  a  time. 

Sub -critical:  every  Item  must  oe  in  good  working  condition  at 
time  of  Issue  or  reparable  with  slaple  field  tools  commonly 
carried  by  the  unit  and  with  the  skills  usually  available 
in  the  unit.  One  Issued  at  a  time. 

Multiple,  non -re pa rah 1*  issue:  laaued  in  quantities  (hundreds, 
gross,  eases,  etc.,)  very  snail  defectiveness  can  be 
tolerated,  but  defectiveness  not  reparable  in  field.  Too 
high  a  defectiveness  impairs  military  strength. 


Multiple,  reparable  Issue:  Issued  In  quantity,  defectiveness  Is 

reparable  In  field  vlth  commonly  available  tools.  Defeetl  rencss 
delays  build-up  of  Military  strength  of  unit. 

Large  quantity  Issue  -  expendable,  noo-reparable:  items  Issued  In 
large- quantity  to  rteli  unit.  "* th  defectiveness  1»  *  uulsauue 
but  only  critical  in  tine  of  shortage  of  supply. 

Along  vlth  the  preeeedlng  classification,  It  aay  be  desirable  to 
classify  the  ltesw  as  to  nature,  such  as  expendable  var  ante  rials 
(anaunltlon,  bombs,  rockets,  wire,  etc.),  capital  Item*  (guns,  airplanes, 
compressors,  generators,  etc.)  or  subsistence  (foods,  clothing,  bedding, 
etc.).  This  classification  should  be  extended  1c  order  to  care  for  the 
material  needs  of  all  the  services. 

Another  classification  ba-»d  upon  the  nature  of  the  Item  might  be 
used  along  with  the  previous  classifications.  TMs  classification  would 
be  based  upon  the  complexity  of  the  Item.  Thus ,  items  could  be  classified 


as: 


Individual  items  (components,  material,  food,  gasoline,  oil, 
powder,  socks,  shirts,  single  replacement  parts,  etc.) 
all  one  material. 

Simple  assemblies  (ball  bearings,  electron  tubes,  valkle -talkies , 
rifles,  pistols,  etc.)  Involving  two  or  sore  piece*  of  two  cr 

acre  materials. 

Large,  non -complex  assemblies  (trucks,  cranes,  diesel  engines, 
motor  generator  sets,  small  boats),  lnrge  Items  involving 
a  large  number  of  parts  and  materials  ,  representing  a 
variety  of  preservation  problems,  but  not  particularly 
sensitive  to  aging  If  afforded  normal  care. 

Lanq* complex  assemblies:  (radar  sets,  airplanes,  landing  craft, 
P.T.  Boats,  0 round  Control  Navigation  and  Landing  equipment), 
large  Items  requiring  jpeelallzed  service  personnel,  complex 
test  equipment,  and  special  preservation  and  protection  while 
stored. 


It  will  be  r.ot.ed  that,  this  etassl  Mention  Is  reailr  based  upon  the 
difficulty  of  maintenance  In  stored  state.  The  more  complex  the  •'quipment, 


the  larger  the  ember  of  separate  specifications  that  must  be  checked 
and  complied  kith.  The  presence  of  such  Items  as  rubber  hoses  or  gaskets 
in  a  larger  item  ear  alone  Increase  the  frequency  of  Inspection  tvo  or 
three  fold  because  of  the  sensitivity  of  the  rubber  to  age.  Precision 
bearings  or  working  surfaces  that  rust  or  corrode  nay  hava  similar 
effects.  Thus  the  mjre  complex  the  item,  the  more  surveillance  effort 
must  be  expended. 

A  further  classification  of  the  item  any  be  based  on  the  kind  of 
Inspection  required  during  the  surveillance  pirlod.  The  inspection 
required  is  really  a  function  of  the  complexity  of  the  item  and  the 
rensltlvlty  of  its  components  to  age.  The  Inspections  might  be 
classified  as: 

Visual  (does  not  involve  the  removal  of  preservation  material. 

As  long  aa  the  preservation  naterl&ln  are  intact,  the  item 
can  be  assumed  to  be  serviceable.) 

Detailed  (Preservatives  are  removed  and  the  item  components  ere 
minutely  examined  for  deterioration,  if  satisfactory,  the 
item  is  represerved.) 

Disassemble  ana  inspect  (involve*  cssplet*  Usraom  of  the  item  and 
minute  examination  of  the  individual  parts  for  deterioration.) 

These  classifications  are  indicative  of  the  factors  that  must  be 
conrldered  Jn  establishing  the  surveillance  program  for  any  item  of  war 
reserve  material,  but  o-iy  military  personnel  vho  are  completely  familiar 
vlth  the  material,  its  uses  and  requirements  will  be  competent  to  prep* re 
the  final  el ars if lest ions  to  be  used.  If  all  the  items  of  reserve  stocks 
are  then  classified  accordingly,  there  will  be  a  basis  for  selecting 
-~=T'. lag  juaux  >.uat  vill  maximise  tne  probability  of  accomplishing  the 
desired  protection.  The  various  saarpllng  plans  oust  also  be  classified 
according  to  the  same  classifications,  so  that  the  selection  of  the  plan 
vlU  be  a  simple  matter  of  matching  the  requirements  of  the  material 
against  the  abilities  of  the  various  plans. 

8.  Summary  tod  Beceamendations 

Tbe  successful  surveillance  of  stored  Items  is  essentially  a 


manage me rt  problem  that  depends  upon  having  adequate  and  accurate 
Information  about  the  Items  Involved,  the  coets  incurred  both  In  the 
surveillance  program  and  procurement  of  the  items,  proper  standard* 
of  quality  for  the  items,  and  satisfactory  sampling  procedures  to 
determine  the  condition  of  the  stock.  The  development  of  a  satisfactory 
program  require  considerable  time  oceause  a  great  amount  of  the 
necessary  Information's  not  available,  or  Is  of  doubtful  accuracy. 
Consequently,  part  of  the  program  should  be  directed  toward  the  aeeummula- 
tl on  anl  analysis  of  the  Information  so  that  constant  Improvement  l.>  uie 
surveillance  program  '*«n  be  accomplish'd. 

In  order  to  accomplish  the  objectives  of  the  surveillance  program 
as  outlined  In  this  piper,  the  following  steps  are  re  coamended: 

1.  A  system  of  classifying  all  military  Items  should  be  developed 
that  will  take  Into  account,  the  sensitivity  of  the  item  to  age, 
number  normally  Issued,  the  critical  nature  of  the  Item,  Its  com¬ 
plexly,  and  the  nature  of  the  Inspection  required  while  In  storage ? 

2.  All  Items  In  the  Federal  Cataloguing  System  should  be  classified 
according  to  the  classification  system  established  In  lj 

>.  SpeeTflcAtlons  of  satisfactory  or  usable  quality  should  be 
•'steollshed  for  each  class  of  Item  and  an  ACL  and  LTFD  which 
represents  the  risk  that  can  be  tolerated  should  be  established 
by  classes. 

V.  A  serlej  of  sampling  plans,  representing  lot-by-lot,  coot Incus, 
and  sequential  types,  should  be  selected  and  classified  according 

»  ')  f  hr  -s*e  ns  urn*  i  o—e  *+  if!  T  r  —  rlrm*  wt*m*  1  n. 

/ 

Procedures  should  be  formulated  by  which  Information  regarding 
costs  of  surveillance,  costs  of  procurement  and  repair,  and  deterior¬ 
ation  rates  undor  different  storage  and  protection  conditions  can  be 
accumulated. 

6.  The  results  or  the  surveillance  program  (Information  of 
defectiveness,  deterioration,  cost  of  lnspee'ion,  etc.)  should  be 
analyted  periodically  and  the  reeults  used  to  adjust  the  surveillance 
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prograa  as  necessary.  Classifications  nay  be  charged,  AQL*« 
and  LTPD's  aay  be  increased  or  decreased,  stock  levels  aay  be 
adjusted,  or  other  changes  any  be  Made  to  provide  the  desired 
protection  c T  stored  ltess  at  lover  net  over*aII  tost  to  the 
govcranent. 


•fc. '■>« s 
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Arrnraix  a 

Pesultf  of  Questionnaire 

We  sent  a  queecienniiTe  to  &  ti\*ber  of  individual*  in  different 
branches  of  the  anted  service*  in  order  to  obtain  so»e  basle  lnforaatlon 
about  the  current  thinking  on  surveillance  of  stored  iteaa.  There 
questionnaires  gave  a  fair  cross  section  of  the  practices  and  procedures 
of  the  different  branches  and,  at  the  suae  tine ,  pointed  up  soae  of  the 
probletas  that  aust  be  solved  in  establishing  a  satisfactory  surveillance 
prograa.  Three  of  the  sets  of  answers  are  reproduced  here.  These  are 
fairly  typical  of  thoae  received. 
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a pram  b 

BAMPLUO  rCM  KDCZD  LOTS 

Sampling  from  aixsd  lots  la  ordinarily  coc^i*«td  s  dangeroua  practice 
btnuM  t^a..usosl  asstssptions  regarding  howogscelty,  normality  sad  so  forth 
cannot  ba  ante*  Lack  of  sons  prior  teewledgs  of  the  cause  spate*  bp  whleh 
the  lot  wi  produced  eliminates  on*  of  the  bases  on  whleh  conclusions 
rsgnndlmg  the  dlstrlbutloo  can  be  drawn  fro*  aastpj.es .  On  the  other  hand 
the  surveillance  of  stored  iteas  f refuse tip  Involves  a  u5 xture  of  lots 
of  alullar  product  that  cannot  be  separated  because  the  identity  of  the 
lots  has  been  lost  or  because  the  cost  of  reassaafelplag  the  lots  would 
be  prohibitive,  the  question  then  arises  as  to  hu%‘  great  are  the  hazards 
of  stapling  fro*  the  mixture. 

In  order  to  arrive  at  some  experimental  conclusions  shout  the  hazards 
of  sampling  fro*  a  mixture  of  lots,  two  different  mixtures  of  lots  were 
prepared  and  submitted  to  sampling  bath  bp  variables  and  attribute  lot- 
bp*  lot  acceptance  plans.  One  mixture  was  coaposed  of  three  lots,  each 
approxlaatslp  normally  distributed,  but  with  different  means  and  standard 
deviations.  There  were  500  chips  in  each  lot,  saklng  a  total  of  1,500 
Chips  in  the  mixture.  This  *1 xture  Is  referred  to  m  Mixture  A.  VI jure 
I  shows  the  distribution  of  the  three  lots  and  the  distribution  of  the 
total  mixture. 

Mixture  B  consisted  of  three  lots  of  non -normally  distributed  values. 
The  lots  contained  Jk,  135 »  and  71  chips,  asking  s  total  of  290  chips 
In  the  mixture.  Fljr.tre  IJ  «hrw«  the  (M«tr11>«t1os*  of  the  lots  end  the 
mixture. 

The  tolerance  limits  on  each  of  these  nlxtur*»«  can  be  set  in  order 
to  give  any  fraction  defective  desired  for  an  experimental  sampling  test. 

Two  different  sets  of  tolerance  limits  were  used  fer  each  mixture.  One 
set  of  limits  gave  a  relatively  low  fraction  defective  and  the  other  gave 
a  higher  fraction  defective. 
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Attribute  8*s-pli~»  -  Mixture  A. 

The  tcieraaoe  Halts  for  the  Mixture  A  ver*  first  s«t  so  that 
p‘  •  1.53$  tefMtin  sad  then  so  that  p*  •  7*5^$  defective.  A 
MIL  STD  105A  ssafiHng  plan,  level  I,  AQL  *  2.5*  Cods  Letter  J  was  ehosen. 
This  plan  calls  for  a  saaple  sis*  a  of  75*  with  an  aeesptanss  number 
e  of  H  .  Twenty  sanpl**  cf  77  vsra  drawn  randomly  froa  ths  mixture 
with  ths  1.53$  do  fact  It*  Halts  and  ths  aoaber  of  defectives  rseordsd. 

In  all  tweaty  sasss  tbs  sampling  plan  accepted  ths  lot.  This  result 
was  expected  because  ths  O.C.  curve  for  the  plan  shows  that  2$  defective 
would  bo  accepted  with  a  probability  of  0.9V  * 

Twenty  sssplss  of  75  ealps  ware  than  drawn  froa  ths  mixture  with 
the  7-5A$  dsfeetive  Halts.  In  this  csss  ths  sealing  plan  accepted 
only  a  lots  sad  rejected  16  .  This  result  waa  somewhat  better  than 
expected,  because  ths  O.C.  curve  shows  that  lots  7*5$  defective  would  be 
accepted  with  a  probability  of  shout  O.30  ,  whereas  this  test  accepted 
only  20$  of  the  lots. 

Attribute  gicglirs  -  Mlrturs  S. 

Ths  tolsra ass  Halts  for  Mixture  1  (200  chip#)  were  first  set  to 
ftlve  p'  •  3.93$  and  then  >.72$  *  The  level  I,  b.0$  AQL,  Sample  Six*  Code 
Letter  7  pita  was  selected  froa  MIL  STD  105*  .  This  plea  calls  for  a 
■asmis  sits  of  15  with  an  aceep tones  nuaber  c  of  1  .  Twenty  cassias  of 
15  ww«s  drawn  randomly  froa  ths  alxturs  with  ths  lower  fraction  defective. 
One  of  ths  twenty  lots  was  rejected  by  ths  simple  results. 

Twenty  samples  of  15  chips  wars  draws  froa  ths  alxturs  with  the 
tolerance  Halts  set  to  give  p*  ■  5*725  .  Six  lots  of  tbs  twenty  were 
-ejected  by  ths  ssimliax  plan.  Ths  results  In  both  of  these  tests 
correspond  very  elosely  to  the  probabilities  of  acceptance  es  indicated 
by  the  O.C.  curve  for  ths  plan  used. 

These  results  Indicate  that  saapllng  froa  mixture  a  of  lots,  where 
there  is  reaaooto  believe  that  they  originally  were  similar  is  not 
particularly  hasardous.  The  protection  derived  froa  such  attribute  plans 
la  this  case  is  exactly  like  that  derive*  from  us*  of  the  plans  for 
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procurexvent  acceptance.  The  protection  is  deriv»d  from  applying  the 
.ta*pJ  Ing  plan  to  a  large  number  r.f  lets  ,  so  that  the  overall  quality 
accepted  la  assured,  but  "good"  irdlTldus.1  lots  any  be  reje-ted 
occasionally,  and  "bad"  Individual  lets  sty  t*  accepted  occasionally. 

This  polnta  up  th«  desirability  of  using  plans  a  steep  o.r.  curve 

to  avoid  the  occasional  acceptance  of  lots  that  are  much  verse  then  the 
established  AQL. 

Variables  Sampling  -  Mixture  A  . 

Twenty  sample*  of  twenty  chips  each  v»re  randomly  drawn  fro*  the 
Mixture  A  ,  and  the  value*  were  record*  J .  T  and  P  vert  computed  for 

f  O 

each  sample,  and  o'  was  estimated  ty  the  formula  o  »  r~  .  for  each 

sample .  X  a  3»'  was  compared  vlth  the  actual  limits  of  the  Mixture  A 
distribution.  In  15  samples  (754)  less  than  1<  of  the  original  mixture 
wt.d  outside  of  the  limits  estimated  from  the  samples.  Of  the  remaining 
5  samples  the  estimated  limit*  coutalned  98.54  or  more  of  the  original 
mixture.  Table  III  chows  the  average  X  and  the  3o’  limits  for  tic 
?0  sampler,  along  with  the  number  of  items  falling  outside  of  theee 
estimated  limits. 

Variables  Sampling  -  Mixture  B. 

Twenty  samples  of  ten  chips  each  were  drawn  randomly  from  the 
Mixture  B.  X  and  R  vcrc  recorded  for  esch  sample  and  cr'  '.■as  estimated 

H _  —  — 

using  o'  a  ——  .  Again  the  estimated  limits  compared  with  the  actual 

£. 

limits  of  the  Mixture.  In  16  case:  the  estimated  limits  were  wider  than 
i.V.r*  nr+vnl  linlt.r*.  { r,  rhf  n?irr  ♦  r*r*r  •  oi-«tme  rs  **  «  *  **■  *  -  - 

outside  the  estimated  limits  were  1,  13,  2k,  and  6?.  It  Is  obvious 
that  an  error  of  6?  o.,t  of  a  mixture  of  180  valuoe  la  too  large  to  be 
tolerated  frequently,  but  this  vna  a  very  u* likely  event  that  would 
not  happen  very  frequently  in  such  sampling. 
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uosasenta  oa  Experiment. 

Twent7  saanles  Is  too  small  H  r.irm.t »r  vh  1  »•'„  r>  rf*-***  ««y  »*«-» 

relleb’e  eer.elusions  r~m.rt.lnr  the  reii'tillty  of  a  method*  On  the 
otuer  hand,  cxsiUratlcn  of  the  dlstrifc j^icn  of  the  mixtures  reveals 
that  the  shapes  are  not  rsdlcally  different  fro*  nonsal  curve*.  ;t 
has  been  proved  that  the  weans  of  staples  drawn  fro*  any  distribution 
tend  to  be  normally  distributed.  That,  we  could  expect  the  »eans  of 
samples  drawn  fro*  a  mixture  to  center  around  *ean  of  the  mixture. 
Furthermore,  the  Measures  of  dispersion,  whether  o  or  R  ,  of  the 
sample  glees  reasonable  reliable  estimates  of  the  dispersion  of  the 
alxture .  It  Is  yf  course  improper  to  attempt  to  place  niaerlul 
probabilities  oa  the  number  of  items  that  wlil  fall  within  ao*e  mdtlple 
of  or*  ,  However,  Tehebyeheff **  inequality  can  hr  ured  **  indicate  the 
bounds  of  tfce  mixture.  If  It  Is  necessary  to  lrpose  strict  probability 
11*1 ta. 
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TABIX  I  -  Distribution  of  Mlrtur*  A 
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Distribution  of  Mlxtum  B 
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A3L2  III  S.-sple  Results  from  Mixture  A  (Actual  Limits  k  through 
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Plfcur*  I  -  retribution  of  Ki.ttur*  A 


